The preparation of terpyridyl chelates of heavier rare earths of the type M(Terp) (N 03) 3 •7i H»0(M = Tb -Yb and n = 0 -3) is described. The infrared studies of the solid chelates show the coordinated nature of both terpyridyl and nitrate groups. A spectrochemical series based on the shift of the "breathing" vibration of terpyridyl in the complexes is proposed.
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IV. Terpyridyl Complexes of Higher Lanthanides
S h y a m a P. S i n h a * Cyanamid European Research Institute, Cologny, Geneva, Switzerland (Z. Naturforschg. 20 a, 1661 (Z. Naturforschg. 20 a, -1664 (Z. Naturforschg. 20 a, [1965 ; received 19 August 1965) The preparation of terpyridyl chelates of heavier rare earths of the type M(Terp) (N 03) 3 •7i H»0(M = Tb -Yb and n = 0 -3) is described. The infrared studies of the solid chelates show the coordinated nature of both terpyridyl and nitrate groups. A spectrochemical series based on the shift of the "breathing" vibration of terpyridyl in the complexes is proposed.
In earlier papers 2 the preparation and spectral studies of the terpyridyl complexes of lighter lan thanides have been presented. The fluorescence pro perties of Dy3+ and Tm3+ terpyridyl complexes are also discussed 3. This communication deals with the preparation and characterization of the terpyridyl complexes of heavier lanthanides (Tb -Yb) and their infrared spectra.
R esults and Discussion
The rare earth-mono-terpyridyl nitrate complexes have been isolated and their infrared spectra have been studied. The representative spectra for anhyd rous and hydrated complexes are given in Fig. 1 , and the observed infrared bands between 4000 and 700 cm-1 are tabulated in Table 1 with possible assignment.
(a) Terpyridyl Vibrations
In these spectra, the terpyridyl vibrations show the same trend as before1 on coordination. How ever, the presence of nitrate group has complicated the spectra and some mixing of vibrations is un avoidable.
A larger shift towards higher wavenumbers of the 1600 cm-1 (C = C and C = N)band group is ob- served in the present case as compared to the com plexes of lighter lanthanides. The band group be tween 1400 and 1500 cm-1 for terpyridyl is strong ly influenced by the nitrate vibration frequency in this region. The author believes that the bands higher than 1490 cm-1 are due to nitrate vibration and below it are possibly the terpyridyl vibrations. However, one can identify the pyridine ring "breath ing" vibration around 1020 cm" 1 for the coordinat ed terpyridyl beside the nitrate vibration at ~ 1035 cm-1 (see below). It has been found that the "breathing" vibration is particularly sensitive to metal ions4. Taking the shift of the "breathing" vibration in the rare earth terpyridyl complexes with respect to the free ligand1 (988 cm-1 ) as a measure of metal-ligand interaction we can construct a spectrochemical series with increasing "inter action" as follows:
M3+
Pr « Nd ^a Gd < Sm < Tb < Eu < Ho < Ce ps Dy a Er < Tm < Yb Av (cm-1 ) 27 28 29 30 31 32 37 40
Although a general trend of increase in Av is ob served with the increase in atomic numbers in the rare earth series (i. e. decrease in ionic size of the trivalent rare earths) one can easily see that certain discontinuity do exist. It is also quite interesting to see the break in the Eu-Gd-Tb region, compatible with the observations in the measurements of stabi lity constants 5.
(b) Nitrate Group Vibrations
The change of vibrational frequencies with the change of symmetry from nitrate ion (N 03~), be longing to Dsh point group, to the nitrato group in the coordinated nitrato complex (both unidentate and bidentate nitrato group possess Csv symmetry) has been discussed by several authors 6_8. In going from Dsh -> ■ Cgv and consequently a lowering of symmetry gives rise to the following change of infrared frequencies. 
(va)
Of the characteristic nitrate ion frequencies only Vj (1050 cm-1 ) is infrared inactive and the other three are infrared active. In both unidentate and bi dentate nitrato complex the former 1050 cm-1 fre quency becomes infrared active and appears as a strong peak due to reduction of symmetry. There is also considerable difference in the higher fre quency region (NO and N 0 2 stretching bands) be tween unidentate and bidentate nitrato group. How ever, it is believed8'9 that the high frequency of terminal NO stretching at ~ 1630 cm-1 found in S n (N 0 3) 4 and T i(N 0 3) 4 is due to the influence of high metal oxidation states, Sn(IV) and T i(IV ). In some cases where the X-ray results point out the presence of bidentate nitrato group 10, the infrared spectrum cannot distinguish the uni or bidentate nature of the nitrato group and shows roughly the same frequencies as that of the unidentate one.
Except for the ~ 1400 cm-1 band, which is re sulted due to the anion exchange with the pelleting material (KBr) giving nitrate ion, the infrared spectra of the complexes studied show the coordi nated nature of the nitrato group. It is however difficult to judge from the recorded spectra whether the nitrate group is unidentate or bidentate in view of the above discussion. In Table 1 we have given the unidentate assignments of the nitrato group fre quencies. K a t z i n 11 has considered the splitting of the asym metric (v4) and symmetric (v*) N 0 2 stretching fre quency of the nitrato group (unidentate) as a meas ure of the coordinated nature of this group. In case of ionic nitrate there is no a priori criteria of the splitting of the stretching frequency (v3), although in some cases 12, especially in TBP solutions11, a maximum splitting of ~ 100 cm-1 was observed. The coordinated nitrato groups however show a se paration of ~ 200 cm-1 for the symmetric and asymmetric N 0 2 stretching. Thus he considered the boarder-line of the empirical division between es sentially electrostatic splitting and splitting due to coordination is around 100 cm-1 . Another thoughtprovoking relation of examining the ratio vsym/vasym of the N 0 2 stretching frequency arise. The author has examined a number of cases taking the values given in literature. It seems that the vsym/vasym ratio of N 0 2 stretching frequency may be conveniently used for distinguishing the bonding character of the nitrate. The following classification is proposed: nitrates ^sym/^asym ionic 0.95 -0.9 coordinated ~0 .9 -0.8 "purely" covalent below 0.8
Methyl nitrate has a value of ~0 .7 7 and that for bidentate S n(N 03) 4 is 0.78.
The rare earth-mono-terpyridyl nitrate complexes show a Vgym/Vasym value of ~ 0.86 eg. the coordinat ed nitrate group, allowing for the fact that the exact location of the vx frequency is somewhat complicat ed due to the presence of terpyridyl bands.
The complexes were prepared according to the pre vious method 1. The results of microanalysis are pre sented below. For the hydrated complexes, the amount of water was at first determined and then the analysis was carried out on the anhydrous samples.
Calc, for Tb(C15Hu N3) (N03) : C, 31,2; H, 1.9; N, 14.5. Found C, 31.7; H, 1.7; N, 14.9. -Calc, for Dy (C15H11N3) (N03) 3 • 2 H20 : H20, 5,8; C, 30.9; H, 1.9; N, 14.4. Found H20, 5.3; C, 30.2; H, 1.9; N, 13.9. -Calc, for H otC^I^N g) (N03) 3-2 H20 : H20, 5.8; C, 30.8; H, 1.9; N, 14.4. Found H20, 5.2; C, 30.8; H, 2.0; N, 14.1. -Calc, for Er(C15Hn N3) (N03) 3• 3 H20 : H20, 8.4; C, 30.7; H, 1.8; N, 14.3. Found H20, 8.2; C, 30.4; H, 1.6 ; N, 14.1. -Calc, for E x p e r i m e n t a l Tm (C15HuN3) (N03) 3 • H20 : H20, 2.9; C, 30.7; H, 1.8; N, 14.2. Found H20, 3.0; C, 30.4; H, 2.0; N, 13.9 . -Calc, for Yb (CigHjjNg) (N03) 3 • H20 : HoO, 2.9; C, 30.4; H, 1.8; N, 14.2. Found H20, 2.9; C, 30.7; H, 1.4; N, 14.2. The infrared spectra were measured with a Perkin Elmer 221 Spectrophotometer using KBr pellet tech nique. Anion exchange has taken place during the pro cess as expected and peak due to nitrate ion vibration has been observed in these spectra.
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